B A C K G R O U N D
Cigarette smoking is an important risk factor for cardiovascular disease, cancer and hypertension, and is one of the major causes of premature mortality in industrialized nations (Doll 2004; Peto 1996) . Stopping smoking prolongs life and reduces morbidity ( USDHHS 1990) . Many attempts to stop smoking are made unaided (West 1997) , with a success rate (more than 12 months continuous abstinence) of around 2 to 4% (Hughes 1992). Aided quit attempts, particularly through a combination of behavioural counselling and nicotine replacement therapy (NRT), bupropion or varenicline can improve success rates, but these remain low ( Cahill 2007; Hughes 2007; Stead 2008) . More effective smoking cessation interventions are needed.
Effect of exercise on tobacco withdrawal and cravings
Exercise has been proposed as an aid for smoking cessation (Hill 1981) . In this review the terms exercise and physical activity (PA) are used interchangeably and refer to both 'lifestyle' physical activities, such as walking, as well as more formal structured activities, such as using a stationary cycle. The severity of desire to smoke reliably predicts relapse in smokers who are trying to stop (Doherty 1995; West 1989) and interventions are required which reduce desire to smoke. In experimental studies, cardiovascular-type exercise has been shown to have an acute effect on reducing both psychological withdrawal symptoms and desire to smoke in abstinent smokers. This has been shown to be the case for both brief (5 to 10 minute) bouts of moderate intensity exercise among smokers who have been abstinent overnight and for 30 to 40 minute bouts of vigorous intensity among smokers who are trying to quit smoking (Taylor 2007b) . The mechanism underlying the observed beneficial effect of exercise on withdrawal and cravings is not clear. Exercise has been shown to have some similarities to smoking in its effects on stimulating the central nervous system (Russell 1983) and neurobiological processes in the brain (Dishman 2006) and consequently it has been argued that exercise may provide an alternative reinforcer to smoking (Marlatt 1985) . This argument is consistent with behavioural theories of choice (Correia 1998) and animal studies have demonstrated that exercise is an effective alternative reinforcer to illicit substances for rats (e.g. Cosgrove 2002), but no studies could be identified which have investigated the role of exercise as an alternative reinforcer to smoking. It seems plausible that the attention to somatic cues during exercise presents a unique strategy for distracting smokers from the cravings and negative cognitions experienced during smoking abstinence, although the findings from one study suggest that distraction is unlikely to play a major role (Daniel 2006) . Besides the potential benefits of exercise for moderating psychological withdrawal symptoms and cravings, exercise has also been shown to reduce post-smoking cessation weight gain, for up to two years following cessation (Kawachi 1996) . The weight control benefits of exercise may be of particular importance to fe-male smokers who report taking up smoking to control weight ( USDHHS 2001) , and report fear of post-cessation weight gain as a motivation for continued smoking (Sorenson 1992; USDHHS 2001) and for smoking relapse (Gritz 1989) . Exercise has also been shown to have a positive effect on other factors that may protect against smoking relapse, including perceived coping ability (Steptoe 1989) and self esteem (Fox 1999) . In addition, being physically active has many general health benefits (DOH 2004) which have been observed for smokers who have quit (Albrecht 1998; Niaura 1998; Shinton 1997) and for continuing smokers (Colbert 2001; Hedblad 1997; Senti 2001) . Moreover, a recent review suggests that participation in regular physical activity satisfies eight of the principles characterising a tobacco harm reduction strategy (deRuiter 2006) .
Associations between exercise and smoking behaviours
Evidence from a number of large cross-sectional surveys indicates that levels of PA are inversely related to smoking rates (e.g. Other evidence from cross-sectional studies suggests that this relationship may be influenced by both gender and mode of PA. For example, when only examining leisure-time PA, heavy smoking has been shown to be inversely related to PA in men but not in women (Schroder 2003) . Elsewhere, participation in sport has been negatively associated with smoking in men but not in women (Helmert 1994) . Additionally, some earlier studies have shown a weak relationship or no relationship between PA and smoking ( Blair 1985; King 1992) . We have only found one study (Sasco 2002) which examined the relationship between smoking and exercise in pre-adolescents, and this cross-sectional study reported a positive association between engaging in PA and 'ever smoking'. Among adolescents cross-sectional studies have consistently shown that smoking is negatively associated with participation in sport (Escobedo 1993; PerettiWatel 2003; Rodriguez 2004; Rodriguez 2008) and with overall levels of PA (Coulson 1997; Pate 1996; Ward 2003) . There is some evidence to suggest that this pattern may be different for boys versus girls and some of the evidence is contradictory. For example, a cross-sectional study of adolescents found a negative association between sporting activity and smoking for boys and heavy smoking, but not for girls or for lighter smokers (Peretti-Watel 2002) . Another study observed no association between sports participation and smoking levels in males (Davis 1997), while a prospective study found that leisure-time PA was positively associated with initiating smoking for girls but not for boys (Aaron 1995) . Two prospective studies found that higher levels of PA reduced the odds of starting smoking for boys and girls both during childhood ( Audrain-McGovern 2003) and during adulthood (Kujala 2007) . A detailed review of studies examining associations between smoking and physical activity has been published by Kaczynski 2008.
Smokers trying to quit are likely to be more receptive to an active lifestyle than smokers in general (Doherty 1998; King 1996) . Smokers report that they value exercise as a strategy for reducing the risk of developing tobacco-related disease (Haddock 2004) , and higher levels of exercise are associated with less depression in smokers (Vickers 2003; Williams 2008) . Being physically active has been positively associated with initiating a quit attempt (Haddock 2000; deRuiter 2008) , with confidence to maintain smoking abstinence (King 1996) and with success at stopping smoking (Derby 1994; Paavola 2001; Sedgwick 1988; Abrantes 2007) , although one large survey found no association between exercise levels and intention to quit smoking (Nguyen 1998). Other work shows a positive trend between avoiding relapse to smoking and physical health and fitness (Metheny 1998) and a significantly reduced risk of smoking relapse among those who are more physically active (McDermot 2008) . Overall, from the above evidence one might hypothesize that pursuing regular exercise during an attempt to stop smoking could act both to reduce nicotine withdrawal symptoms and cravings and to increase rates of smoking cessation. In practice, exercise has for many years been routinely recommended as an aid to smoking cessation by specialist smoking clinics (e.g.Hurt 1992), by pharmaceutical companies (e.g. Boots 1998), in self-help guides (Ashelman 2000; Marcus 2004 ) and in national guidelines (e.g. Quit 1994; Woodhouse 1990; USDHHS 2008) . In the short term, most smokers are unlikely to spontaneously increase their levels of PA after quitting (Allen 2004; Hall 1989; Vander Weg 2001) , and the present review examines studies which have evaluated exercise interventions as an aid to smoking cessation. This updated review builds on a previous report (Ussher 2000a) . We also note the results of a review which included a meta-analysis using three of the studies identified in the current review and two further studies which had an exercise-only intervention (Nishi 1998).
O B J E C T I V E S
The objective of the present review was to establish whether exercise-based interventions alone, or combined with a smoking cessation programme, are more effective than a smoking cessation intervention alone.
M E T H O D S
Criteria for considering studies for this review
Types of studies

Randomized controlled trials
Types of participants
Smokers wishing to quit or recent quitters.
Types of interventions
Programmes of supervised or unsupervised exercise alone or as an adjunct to a smoking cessation intervention, compared to a smoking cessation programme alone. Interventions which included exercise in a multiple component smoking cessation programme were excluded since the specific effects of exercise on smoking abstinence could not be addressed. Multiple risk factor interventions where smoking cessation was one of a number of health-related outcomes were excluded for the same reason.
Types of outcome measures
Smoking cessation at the longest follow up reported. Trials with less than six months follow up were not included.
Search methods for identification of studies
We searched the Specialized Register of the Cochrane Tobacco Addiction Group for studies including 'exercise' or 'physical activity'. We also searched MEDLINE, EMBASE, PsycINFO, Dissertation Abstracts and CINAHL, using the terms 'smoking', 'smoking cessation', 'exercise', 'physical activity' and 'intervention' (searches completed July 2008). We also carried out a handsearch of reference lists and conference abstracts, conducted additional searches on key authors and we contacted key authors.
Data collection and analysis
We extracted the following data from each study report: study design, recruitment and randomization method; subject characteristics including age, gender, smoking behaviour, exercise levels at entry; sample size; description of exercise and smoking cessation programmes (including number of sessions and duration); rates of exercise adherence; control conditions; length of follow up; definition of cessation; method of validation. The primary outcome was quitting at longest follow up using the strictest definition of abstinence reported in the study. Due to the small number of studies, small sample sizes and differences in study design and intervention, we did not conduct a metaanalysis. For each study the risk ratio for quitting at longest follow up and the 95% confidence interval were displayed graphically. The review has been changed from reporting odds ratio to risk ratio because the Tobacco Addiction group has altered its policy.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of ongoing studies. The literature search identified 13 studies which met the inclusion criteria. Full details for each study are given in the Characteristics of included studies table. Four studies had more than one associated publication or abstract (Kinnunen 2008; Marcus 1999; Prapavessis 2007; Ussher 2003) and these are listed under the study identifier in the reference section. Six trials had fewer than 25 people in each treatment arm. Seven trials were limited to women (Kinnunen 2008; Marcus 1991; Marcus 1995; Marcus 1999; Marcus 2005; Prapavessis 2007; Russell 1988) , and one to men (Taylor 1988) . In all but one of the studies a multi-session cognitive behavioural smoking cessation programme was provided for intervention and control conditions. In six studies this began prior to quit day (Hill 1993; Kinnunen 2008; Marcus 1999; Marcus 2005; Prapavessis 2007; Ussher 2003) . In the one study with a single session cessation programme, participants were post-acute myocardial infarction (AMI) patients and the intervention was for relapse prevention All the 12 studies recruiting current smokers set a quit date. The exercise programme began before the quit date in nine studies ( Cornuz 2007; Hill 1993; Kinnunen 2008; Marcus 1991; Marcus 1995; Marcus 1999; Marcus 2005; Prapavessis 2007; Ussher 2003) on the quit date in two (Hill 1985; Martin 1997) and after the quit date in one (Russell 1988) . Two studies entailed exercise programmes lasting for less than six weeks (Hill 1985; Martin 1997) . Most of the trials employed supervised, group-based exercise supplemented by a home-based programme. Three studies did not provide a home programme (Marcus 1991; Marcus 1995; Marcus 1999) and one study used only brief exercise counselling towards pursuing home-based exercise (Ussher 2003) .
Excluded studies
The literature search revealed a number of trials which did not satisfy the specific inclusion criteria (see Characteristics of excluded studies table), but had exercise as an independent variable and smoking cessation behaviour as a dependent variable. These studies mainly fell into four broad categories: (a) Multiple independent and dependent variables: A number of studies were identified in which exercise was one element in a multiple risk factor intervention, with smoking cessation behaviour as one of a number of health-related outcomes. The specific effects of exercise on smoking cessation could not be determined due to possible interaction and confounding between the independent variables. For example, it is not possible to separate the effects on smoking cessation due to a change in diet versus a change in exercise habits. (b) Multiple independent variables and a single dependent variable: Four studies were found which included multiple smoking cessation elements one of which was exercise. In these studies the specific effects of exercise on smoking abstinence were not addressed. (c) Single independent variable and multiple dependent variables: In these studies exercise was encouraged without a smoking cessation programme, and changes in various health and behavioural indices including smoking cessation were examined. None of these studies found a significant effect on smoking abstinence for the active condition. However, as these studies did not record the number of smokers who were trying to stop, it is difficult to evaluate their success. (d) Acute studies: These experimental studies assessed the acute impact of an exercise intervention on withdrawal symptoms and desire to smoke (see Additional Table 1 ), almost all following temporary abstinence. The findings of these studies are summarised at the end of the discussion. 
Risk of bias in included studies
Only five studies described the randomization method in detail (Cornuz 2007; Marcus 1999; Marcus 2005; Prapavessis 2007; Ussher 2003) . The strictest measure of abstinence was continuous in five studies, prolonged abstinence in one, point prevalence in five, and not specified in two. Post-randomization dropouts were excluded from the denominator in three studies (Hill 1993; Kinnunen 2008; Taylor 1988) .
Effects of interventions
We defined the efficacy of the intervention in terms of the risk ratio (RR) for quitting in the treatment group versus the controls. Three studies showed significantly higher abstinence rates in a physically active group versus a control group at end of treatment (Marcus 1991; Marcus 1999 , Martin 1997 . One of these studies also showed a benefit for exercise versus control on abstinence at the three-month follow up and a benefit for exercise of borderline significance at the 12-month follow-up point (Marcus 1999). The latter study showed a difference in abstinence rates for the exercise condition compared with the control of 11.9% versus 5.4% (P = 0.05, RR 2.19, 95% confidence interval (CI), 0.97 to 4.96) at the 12-month follow up. One study showed significantly higher abstinence rates for the exercise group versus a control group at the three-month follow up but not at the end of treatment or 12-month follow up (Marcus 2005) . The latter study also found that those with higher levels of exercise adherence were more likely to achieve smoking abstinence at the end of treatment. The other studies showed no significant effect for exercise on abstinence. Several of the studies showed a trend for higher rates of abstinence in the exercise condition compared with the controls (Hill 1985; Kinnunen 2008; Marcus 1995; Prapavessis 2007; Ussher 2003) . Only five studies had a sufficiently large sample size to have a good prospect of detecting a significant difference between the treatment and control conditions (Cornuz 2007; Marcus 1999; Marcus 2005; Martin 1997; Ussher 2003) . One of the studies did not provide separate abstinence data for the experimental and control groups, although it was reported that no significant difference was found between the groups (Russell 1988). In addition to comparing the exercise condition with a control group, four of the studies examined the effectiveness of exercise versus nicotine replacement therapy (NRT) (Hill 1993; Kinnunen 2008; Martin 1997; Prapavessis 2007) . In one study at end of treatment and at 12-month follow up abstinence rates were significantly higher in the exercise-plus-patch group than in the exercise-only group (Prapavessis 2007). The other studies observed no significant differences.
D I S C U S S I O N
In one study the effect of the treatment may have been compromised by the smoking cessation programme being limited to a single counselling session (Taylor 1988) . This study differed from the others in that the interventions were not intended to initiate smoking abstinence but rather to maintain abstinence in smok-ers following acute myocardial infarction (AMI). Thus the results, which did not show any benefit for exercise, cannot easily be generalized beyond abstaining post-AMI smokers. This trial also compared the combined effect on smoking abstinence of four different exercise interventions with the combined effect of two different control interventions; therefore it was not possible to relate outcomes for smoking cessation to specific interventions. This study is further limited by providing smoking cessation counselling for only one of the two control conditions.
The results of one of the studies, showing a positive effect for exercise on smoking abstinence, at end of treatment, may have been confounded by the exercise group receiving a different cessation programme than the control group (Martin 1997). In four of the studies the exercise condition received more staff contact time than the control (Hill 1985; Marcus 1991; Martin 1997; Taylor 1988) , leading to the question of whether the outcomes for abstinence were due to exercise alone or due to additional social support.
It has been recommended that a smoking cessation programme should start before the quit date and continue into the period of abstinence (Raw 1998 ). Yet only seven of the trials did this (Cornuz 2007; Hill 1993; Kinnunen 2008; Marcus 1999; Marcus 2005; Prapavessis 2007; Ussher 2003) . With the provision of more extensive cessation programmes the impact of the interventions may have been more pronounced. Furthermore, only one of the studies (Ussher 2003) described an intervention in which the smoking cessation and exercise components were integrated in such a way as to reinforce exercise as a coping strategy for smoking cessation (Marlatt 1985) . For example, the potential for exercise to be used to reduce cigarette cravings and withdrawal symptoms ( Taylor 2007b) could have been made more explicit.
Demographic factors, such as age, gender, weight, fitness level, socio-economic status and occupation could influence outcomes for both smoking cessation (Jarvis 1997) and exercise behaviour (Caspersen 1994; Pate 1995) . Of the four trials which recruited men and women, two compared outcomes by gender (Hill 1993; Ussher 2003) , although no differences were reported. None of the studies considered outcomes relative to occupation, socio-economic status or age. It is possible that the relationship between demographic variables and outcomes was not explored in some of the studies because of small sample sizes. All but three of the studies were North American, with only five studies recording ethnic status, and reporting a predominantly white sample (Kinnunen 2008; Marcus 1999; Marcus 2005; Martin 1997; Ussher 2003) . Researchers must consider whether these results can be generalized to other national and ethnic populations (Caspersen 1994; King 1997; Mackay 1996) . In addition, given the high prevalence of smoking among people with mental illness, research is needed to examine the role that physical activity may play as an aid to quitting and whether there would be interest among such mental health service users (Faulkner 2007) .
Three of the studies did not present the participants' level of exercise at baseline (Hill 1985; Russell 1988; Taylor 1988) . All the remaining studies reported that they had recruited fairly sedentary smokers. A substantial proportion of smokers may be physically active (Emmons 1994; Prochaska 1992; Ward 2003; deRuiter 2008) and it is not clear whether exercise interventions are effective as an aid to smoking cessation for this population.
A number of the trials reported a significant increase in fitness levels at the end of the treatment period within the active exercise condition ( 
Weight gain
One trial reported a significantly smaller weight gain for those in the exercise condition compared with the controls at the end of treatment (Marcus 1999). However, in this study those in the exercise condition by chance weighed more than the controls at baseline, which makes interpretation of the finding problematic. Prapavessis 2007 observed no difference in weight gain at end of treatment when comparing cognitive-behavioural support plus nicotine patches with exercise plus nicotine patches. However, Prapavessis showed that at end of treatment those in the exercise only condition gained significantly less weight than those receiving only cognitive-behavioural support. Other studies found no difference in weight gain for the exercise versus controls at end of treatment (Marcus 2005; Ussher 2003) or at 12 months post-cessation (Cornuz 2007; Ussher 2003) . However, these latter studies included nicotine replacement therapy (NRT) and post-cessation weight gain is likely to be less pronounced when using NRT ( Jorenby 1996) . Therefore, the potential for exercise to moderate weight gain was reduced.
Nicotine replacement therapy
Prapavessis 2007 provides some indication that combining nicotine patches and exercise enhances abstinence compared with exercise alone, as would be expected given the established efficacy of NRT (Stead 2008) . Future studies need to establish whether exercise offers additional benefits to those provided by NRT alone. It is feasible that exercise could address psychosocial and physical needs that are not currently met by NRT-based programmes. Future work also needs to consider whether exercise is effective as an alternative to NRT for populations in which NRT is contraindicated or not widely used; for example, pregnant smokers have expressed a high level of interest in exercise as an aid to smoking cessation (Ussher 2004; Ussher 2007; Ussher 2008 ).
Aspects of Exercise Programming
For those beginning exercise either on or after the quit date (Hill 1985; Martin 1997; Russell 1988 ) success rates may have been hampered by the demand to cope simultaneously with two major changes in health behaviour (Emmons 1994; King 1996; Patten 2001) . Furthermore, where the exercise programme started after a period of smoking abstinence the potential for exercise to moderate withdrawal symptoms during this period was lost (Taylor 2007b). In the two studies with exercise programmes lasting for less than six weeks (Hill 1985; Martin 1997 ) the intervention may have been of insufficient length to encourage long-term exercise adherence. Most of the trials employed supervised, group-based exercise supplemented by a home-based programme. Where home programmes were not provided (Marcus 1991; Marcus 1995; Marcus 1999) it is possible that the participants' high level of dependence on supervised exercise may have reduced their level of post-intervention activity. Those adequately powered trials not showing a consistent effect of exercise on smoking abstinence (Cornuz 2007; Marcus 2005; Ussher 2003 ) had less intensive interventions than the other studies, in that they promoted moderate intensity rather than vigorous intensity exercise. In one case they relied solely on fairly brief exercise counselling (Ussher 2003) , and in the other studies supervised exercise was only provided once per week (Cornuz 2007; Marcus 2005) . In these studies the exercise intervention may have been insufficiently intense to benefit smoking abstinence. Further studies are required to establish the optimum intensity of exercise intervention required as an aid to smoking cessation. Intensity here refers to the intervention effort rather than the exercise intensity per se. The findings from Marcus 2005 suggest that abstaining smokers may need to accumulate at least 110 minutes of activity per week to maintain abstinence (at least during the intervention period), and supervised exercise on two or three days a week may be necessary to achieve this. Only two of the studies provided any post-intervention exercise programming (Hill 1993; Ussher 2003) , and this may have reduced post-intervention exercise adherence (King 1989) . However, it is not possible to draw any conclusions about whether various aspects of the intervention affected levels of exercise adherence after the formal supervised programme ended because none of the studies reported rates of adherence for this period.
Exercise Adherence Issues
During the treatment period a range of behavioural methods were employed to improve adherence to the exercise programme. All but two of the studies (Kinnunen 2008 , Ussher 2003 ) used group activities with full supervision of facility-based exercise and goal setting; five used self monitoring (Hill 1985; Kinnunen 2008; Martin 1997; Russell 1988; Taylor 1988) ; one used reinforcement (Martin 1997); one used telephone follow up in the case of nonattendance (Hill 1993); and one used remote monitoring of heart rate (Taylor 1988). One study employed exercise counselling, including a broad range of cognitive-behavioural techniques (Ussher 2003) . All the studies reported activity levels for the treatment group during the treatment period with the exception of one study (Hill 1993) . Where supervised exercise was offered attendance at these sessions was high. Where the emphasis was on home-based exercise (Cornuz 2007; Marcus 2005; Ussher 2003 ) only a minority of the participants achieved the criterion level of exercise. For example, in one study combining home-based exercise with one supervised session of exercise per week, 50% of those in the exercise group were still classed as sedentary at the end of treatment ( Cornuz 2007). One study reported greater attrition for the exercise group compared with the controls (Marcus 1999 -see Borrelli 2002 . Another study reported lower attendance for the exercise intervention compared with the health education programme ( Kinnunen 2008). Future studies need to consider other methods for increasing 'home-based' physical activity. For example, a recent study successfully used pedometers to increase participation in a walking-based intervention during smoking cessation (Prochaska 2008). Although many of the studies reported fitness measures for the control group during the treatment period (Hill 1985; Kinnunen 2008; Marcus 1991; Marcus 1995; Marcus 1999; Prapavessis 2007; Russell 1988; Taylor 1988) only four of the investigations reported physical activity (PA) levels for the controls at this time ( Cornuz 2007; Hill 1985; Kinnunen 2008; Ussher 2003) . Therefore in the vast majority of the studies the relative increase in PA in the treatment group versus any spontaneous increase in activity in the control group could not be accurately monitored. During the follow-up period none of the studies used behavioural techniques to encourage regular exercise. Only two of the studies recorded fitness measures at this time (Prapavessis 2007; Russell 1988) and only two studies reported levels of activity at 12-month follow up (Cornuz 2007; Ussher 2003) . Therefore for the vast majority of studies it was not possible to relate long-term abstinence from smoking to exercise behaviour.
Psychological measures
The majority of the studies used psychological measures at baseline, but only seven trials reported changes in these measures (Kinnunen 2008; Marcus 1999; Marcus 2005; Martin 1997; Prapavessis 2007; Russell 1988; Ussher 2003) . Russell 1988 found a significant increase in Profile of Mood States (POMs) tension-anxiety scores for the active group compared with the controls at four months follow up. These findings are not consistent with the general consensus that exercise reduces mood disturbance, stress and anxiety (Taylor 2000; Taylor 2008 ). The reported effect on psychological outcomes may have been caused by extraneous variables which could not be controlled for with such a small sample size. Martin 1997 found no significant treatment differences on mood (POMs) or depression (Beck Depression Inventory) when comparing measures taken at baseline and seven days post-quit, although these findings may have been influenced by the sample including a large number of individuals with a history of major depression. Prapavessis 2007 showed that reports of self efficacy for stopping smoking were higher in a cognitive-behavioural support condition compared with an exercise-only condition. Marcus 1999 did not find a significant change in reports of tobacco withdrawal symptoms and cigarette cravings for exercise versus controls across the treatment period. Kinnunen 2008 did not find any difference in reports of withdrawal symptoms for the exercise group versus the controls at one week post-cessation. Cornuz 2007 found no significant differences in reports of withdrawal symptoms, depression, urges to smoke or perceived stress for the exercise group versus the control group. Marcus 2005 observed that, among 40 women who were abstinent at the end of treatment, those who increased their fitness were more likely to report decreases in depressive symptoms (Williams 2008). Ussher 2003 observed a reduction in some withdrawal symptoms for exercise versus controls up to three weeks post-cessation. None of the above studies looked in detail at the effect of exercise on sleep disturbance, and this may be a worthwhile objective. For example, Grove 2006 observed that, compared with controls, regular participation in exercise did not affect the ability to stay asleep but exercisers reported significantly less difficulty falling asleep. It would also be valuable if affective changes after exercise were assessed among different subgroups of smokers. For example, a recent study observed that, among women smokers with increased concern about weight gain, engagement in exercise was associated with less of an increase in negative affect following smoking cessation (Schneider 2007).
Acute effect of exercise on tobacco withdrawal and cravings
Of the included studies, only Marcus 1999 assessed the acute effects of each bout of exercise, reporting a significant reduction in tobacco withdrawal symptoms and cigarette cravings for the vast majority of the bouts throughout the intervention (Bock 1999). Twenty experimental studies have shown significant benefits of a single bout of exercise on cigarette cravings and withdrawal symptoms, almost exclusively among temporarily abstinent smokers ( Taylor 2007b). We therefore recommend that future exercise and smoking cessation studies should include measures of both the acute and chronic effects on tobacco withdrawal and cravings. The 20 experimental studies are presented in Additional Table 1 and are summarised here. These studies showed that, compared with a passive condition, after periods of up to 17 hours without smoking, smokers have lower cravings, withdrawal symptoms and negative affect during and for up to 30 minutes post-exercise (see Table 1 ). The effects are evident for moderate and vigorous intensity exercise, and for durations from 5 minutes of seated isometric exercise to 20 to 30 minutes of moderate intensity aerobic activity. Encouragingly, relatively convenient forms of physical activity (e.g., 10 to 15 minutes of brisk walking) can be just as effective as longer bouts. Several mechanisms have been tested among these studies for how exercise reduces cravings. Distraction (Daniel 2006) and expectancy (Daniel 2007) do not appear to explain the effects. Cortisol remained constant in a vigorous exercise condition, compared with declines in moderate and passive conditions, despite similar and significant reductions in cravings in both physically active conditions (Scerbo 2008) . This suggests that cortisol changes do not mediate any effects of exercise on cravings. Taylor 2006a reported that reductions in urges to smoke in response to exercise were mediated by reductions in tension. One study involving functional Magnetic Resonance Imagery (fMRI) scanning suggested that parts of the brain that are typically activated by smoking cues (images) were less activated (Janse van Rensburg 2007; Janse van Rensburg 2008b) following moderate intensity exercise. Finally, one study reported that after exercise, compared with rest, abstinent smokers had less attentional bias (gaze or dwell time, measured using eye-tracker technology) towards smoking images, compared with simultaneously presented (alongside) matched neutral images. Further work is needed to understand how different types of activity (e.g., brief bouts of seated exercise, walking) influence symptoms known to cause relapse among actual quitters. Also, given this experimental evidence further research is needed to understand how best to promote the use of physical activity as a momentary aid to smoking cessation, in contrast to longer scheduled bouts of vigorous structured or facility-based exercise. Four studies (Reeser 1983; Thayer 1993; Katomeri 2006b; Taylor 2007) reported that a bout of moderate intensity exercise delayed ad libitum smoking, and further work is needed to assess whether a physical activity intervention would help as a smoking reduction strategy.
Overall commentary
A comparison of the studies was complicated by differences in study design and intervention, and by the relative paucity of research in this field. There were marked variations between the studies in the length, type and timing of the exercise intervention, in the design of the control condition and cessation programme, and in the demographic factors recorded. In addition, there was a general absence of data relating to the physical activity levels of the control groups, and of either group during the follow-up period. Together, these factors restricted meaningful comparison of results between studies. The findings presented in this review have implications for future research in this field. One of the first requirements for future work must be to have trials with larger sample sizes. It is possible that a greater integration between the smoking cessation and exercise programmes may have enhanced abstinence rates. In future research exercise could be presented more as a selfcontrol strategy as well as a means of increasing fitness and general health and of managing body weight (Marlatt 1985) . For example, in initiating abstinence, exercise could be presented as a strategy for managing withdrawal symptoms and overcoming physical dependency (Taylor 2007b). As regards relapse prevention, exercise could be presented as a strategy which increases self esteem and pride in one's health, and reinforces an identity as a non-smoker in such a way that being a smoker is incompatible with these perceptions (Fox 1998) . At what point should the smoker who is trying to quit begin an exercise programme? In the studies reviewed there was wide variation in the timing of the exercise programme. Some recommendations for changes in exercise and smoking behaviour are for sequential rather than simultaneous changes but this is likely to be specific to the individual's needs (Emmons 1994; King 1996; McEwen 2006; Everson 2008b) . Another study showed a tendency for higher quit rates among those trying to quit smoking and increase exercise simultaneously rather than sequentially (Hyman 2007) . It has been argued that a physical activity programme should begin prior to quitting, thereby allowing people to adjust to the demands of being more active before significantly changing their smoking behaviour (Marcus 1995). Elsewhere, it has been shown that abstaining smokers are more confident about adopting exercise than those preparing to quit (King 1996) , which would support the notion of beginning an exercise programme when already abstinent, although delaying the start of the programme would reduce the potential for managing withdrawal symptoms (Taylor 2007b) . A quasi-experimental study has reported higher adherence rates for smokers who undergo an exercise regimen commencing eight weeks before the quit day compared with those starting exercise on the quit day (Patten 2001). Further empirical work is required in order to ascertain the relative benefits of initiating exercise at different points in the cessation schedule. Only one study with balanced contact time showed a long-term effect of exercise on smoking cessation (Marcus 1999) . This study combined a vigorous intensity, thrice weekly supervised exercise programme with cognitive-behavioural support. It has yet to be determined whether a less intensive exercise intervention can aid smoking cessation. Finally, there is no evidence of harm in promoting physical activity to smokers. That is, no studies report reduced smoking cessation rates in an exercise group compared with control conditions.
A U T H O R S ' C O N C L U S I O N S Implications for practice
Only one of the 13 trials reviewed offered evidence for exercise aiding smoking cessation in the long term. The trials which did not show a significant effect of exercise on smoking abstinence were either too small to exclude reliably an effect of the intervention, had numerous methodological limitations or included an intervention which was not intense enough to produce the required changes in exercise levels. There is insufficient evidence to recommend exercise as a specific aid to smoking cessation. There is strong evidence to recommend exercise as an aid for reducing tobacco withdrawal and cravings, and further research is needed to understand how best to integrate this advice into current smoking cessation programmes.
Implications for research
Further trials are needed with larger sample sizes, sufficiently intense exercise interventions, equal contact control conditions, and measures of exercise adherence across the sample.
Further work is needed to unravel the relationship between different intensities and timings of exercise intervention, and the effect on smoking abstinence and on underlying processes such as tobacco withdrawal and cravings. 
A C K N O W L E D G E M E N T S
C H A R A C T E R I S T I C S O F S T U D I E S
